We examine the UV and X-ray properties of 256 radio-quiet SDSS quasars (QSOs) observed in X-rays with Chandra and/or XMM-Newton in order to study the relationship between QSOs with broad C IV absorption lines (BALs; width > 2000 km s −1 ) and those with C IV mini-BALs (here defined to have widths of 1000-2000 km s −1 ). Our sample includes 42 BAL and 48 mini-BAL QSOs. The relative X-ray brightness and hard spectral slopes of the mini-BAL population are, on average, intermediate between those of BAL and non-BAL QSOs, as might be expected if narrower and broader absorption line outflows are physically related. However, a significant population of mini-BALs has outflow velocities higher than would be expected for BAL QSOs of the same relative X-ray brightness. Consistenly strong X-ray absorption is apparently not required to accelerate at least some mini-BALs to high outflow velocities. Assuming the mini-BAL features are correctly attributed to intrinsic C IV absorption, we suggest that their observed properties may be explained if mini-BALs are "seeds" which can be accelerated to form BALs when sufficient X-ray shielding is present.
INTRODUCTION
Broad absorption lines (BALs) are observed in the ultraviolet (UV) spectra of ≈15% of quasars (QSOs) from lines such as Si IV λ1400, C IV λ1549, Al III λ1857, and Mg II λ2799 (e.g., Hewett & Foltz 2003; Trump et al. 2006; Gibson et al. 2009, and references therein) . In the traditional model, BAL outflows are equatorial disk winds that are ubiquitous in QSOs, and significant X-ray absorption is required to shield the outflow from overionization that would prohibit radiative acceleration (e.g., Murray et al. 1995) . Indeed, BAL QSOs (i.e., QSOs with BALs evident in their UV spectra) are relatively X-ray weak compared to non-BAL QSOs (e.g., Green et al. 1995; Brandt et al. 2000) , apparently due to strong X-ray absorption (e.g., Green et al. 2001; Gallagher et al. 2001 Gallagher et al. , 2002 , and references therein). Significant correlations have also been found between the degree of X-ray weakness and acceleration-dependent BAL properties such as outflow velocity and equivalent width, as might be expected for radiatively-accelerated BAL outflows (e.g., Gallagher et al. 2006; Gibson et al. 2009 ).
In the current work, we seek to extend analyses of BAL QSO X-ray properties in two respects. First, we expand the parameter space of BAL studies to include broad absorption features which are not formally considered to be BALs, but may represent an intermediate stage in BAL structure and/or evolution. The fraction of QSOs with so-called "mini-BAL" absorption features (having intermediate widths of 1000-2000 km s −1 ) is similar to or greater than the fraction with BALs (Trump et al. 2006) ; this is a large population of sources which has received relatively little attention in X-rays. Second, we consider targeted XMM-Newton observations of mini-BAL QSOs in light of our analysis of mini-BAL X-ray properties to investigate previous indications that these sources are unusually X-ray bright. Such cases could conflict with our current understanding that strong X-ray absorption is needed to radiatively accelerate outflows.
Additionally, this study is one step toward understanding the variety of absorption phenomena that may be classified as "mini-BALs." As our starting point, we identify mini-BALs using a mathematical criterion ( §2.1). As we discuss further in §4.1, this definition may not distinguish between different types of absorption morphologies that could have a variety of physical origins. As mini-BAL samples grow, it will be important to determine whether additional formal identification criteria are needed to distinguish new subclasses of absorption phenomena. Multi-wavelength studies will be valuable to help identify such subclasses.
A Continuum of Absorber Properties?
The velocity-width distinction used to classify absorbers as BALs (width > 2000 km s −1 ), mini-BALs (intermediate widths), and narrow absorption lines (NALs; width < 500 km s −1 for C IV) is somewhat arbitrary; it has been suggested that BAL absorption is an extension of the same physical processes responsible for narrower absorption features observed in QSO spectra (e.g., §4.2.1 of Arav et al. 1999; Ganguly & Brotherton 2008) . Previous studies of BAL QSOs have found that their UV absorption properties are correlated with the relative X-ray brightness of these sources (e.g., Gallagher et al. 2006) , indicating a physical link between X-ray absorption and the acceleration of BAL outflows. QSOs with weaker BALs, which have lower outflow velocities and/or smaller absorption equivalent widths (EWs), are relatively X-ray bright compared to those with stronger BALs (Gibson et al. 2009 ). The next natural step is to determine whether the numerous population of miniBALs (and NALs) extends the trends observed for BAL QSOs overall.
X-ray studies of smaller samples of mini-BAL QSOs have suggested a link between BAL and mini-BAL absorption. Gallagher et al. (2002) measured X-ray absorption in three mini-BAL QSOs similar to the absorption typically observed for BAL QSOs. The outflow kinetic energy associated with the variable X-ray absorber of the mini-BAL QSO PG 1115 + 080 may be a significant fraction of the bolometric luminosity (Chartas et al. 2003 . Recently, Misawa et al. (2008) have studied X-ray observations of three QSOs with intrinsic C IV NALs and also one source with a C IV absorber velocity width 800 km s −1 , which they classified as a mini-BAL. The X-ray properties of these sources appeared similar to those of unabsorbed QSOs. Because of their X-ray brightness and relatively weak UV absorption, they were qualitatively consistent with previous observations that UV absorption strength decreases with QSO X-ray brightness (e.g., Brandt et al. 2000; Gallagher et al. 2006; Gibson et al. 2009 ). On the other hand, the NAL/mini-BAL sources of Misawa et al. (2008) exhibited much higher outflow velocities than would be expected for BAL QSOs having a similar level of X-ray brightness.
The relation between BAL and mini-BAL absorbers has also been addressed by purely optical/UV studies. Knigge et al. (2008) have reported that the distribution of C IV absorption strength is bimodal for the BAL and mini-BAL QSOs cataloged by Trump et al. (2006) , with BAL QSOs preferentially occupying the stronger component of the distribution. This may be due to physical differences between BAL and mini-BAL QSOs, or it may be a result of viewing a common physical structure at different orientation angles. Narrower substructures in mini-BALs have been observed to vary in concert, as if the mini-BAL absorber was a single, unified entity Misawa et al. 2007 ). However, subcomponents of BALs have been observed to vary independently on multi-year time scales (Gibson et al. 2008b) , raising the possibility that BALs may be partly composed of narrower absorption structures such as miniBALs.
1.2. Unusually X-Ray Bright Sources Extremely X-ray bright BAL and mini-BAL QSOs would appear to be incompatible with the requirement that strong X-ray absorption shield the outflow from overionization. As we show in this work, such exceptional cases are often mini-BAL QSOs, rather than bona fide BAL QSOs. Characterizing the general X-ray properties of mini-BAL QSOs will determine whether the X-ray luminosities of these individual sources are truly exceptional for QSOs with absorbers in the mini-BAL regime. Unusually high X-ray count rates may also have been recorded by previous missions due to source contamination or variability. Observations at higher angular resolution with Chandra or XMM-Newton are therefore essential to secure claims of abnormal X-ray brightness.
The Sloan Digital Sky Survey (SDSS; York et al. 2000 ) Data Release 3 (DR3) BAL catalog (Trump et al. 2006) identified 4784 QSOs with broad (>1000 km s −1 wide) UV absorption features (Trump et al. 2006) . As part of the XMM-Newton AO6 observing cycle, we obtained X-ray spectra of two C IV mini-BAL QSOs identified in the catalog that appeared to be anomalously X-ray bright based on their reported ROSAT count rates. Recently, Ghosh & Punsly (2008) identified three additional sources with broad absorption features and high ROSAT count rates. In the following analysis, we assess the relative brightness of these sources in relation to the overall populations of BAL and mini-BAL QSOs.
Conventions
Because conventions vary among studies, we briefly describe the terminology used in this work. BAL QSOs are broadly classified by ionization into low-ionization BAL QSOs ("LoBALs") and high-ionization BAL QSOs ("HiBALs"). LoBALs are QSOs that have BALs from ions at lower ionization states such as Al III or Mg II. They may also have BALs from higher ionization stages such as Si IV or C IV. HiBALs have BALs only from high ionization stages. We define velocities flowing outward (with respect to QSO emission rest frames) to be negative. Positive velocities indicate features that are at longer wavelengths than the wavelength corresponding to (rest-frame) zero velocity. However, we use the terms "greater" and "smaller" velocities to refer to the magnitude of the velocity, so that an outflow velocity of -10,000 km s −1 is "greater" than a velocity of -5000 km s −1 . As discussed in §2.1, we define mini-BALs to have velocity widths of 1000-2000 km s −1 ; this provides a reliable extension to the BAL regime with widths >2000 km s −1 . Narrower features (with widths of 500-1000 km s −1 ) are classified as mini-BALs in some studies (e.g., Barlow et al. 1997; Misawa et al. 2008) ; however, we do not include such narrow features here to limit contamination from spectral noise and intervening systems.
Unless otherwise noted, wavelengths in this work refer to rest-frame values. Throughout, we use a cosmology in which H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
OBSERVATIONS AND DATA REDUCTION
We have obtained SDSS and X-ray spectra for SDSS DR5 QSOs cataloged by Schneider et al. (2007) which also have archived Chandra or XMM-Newton X-ray observations publicly available as of 2007 July 26 (for Chandra) or 2007 August 22 (for XMM-Newton). We consider only sources with redshifts 1.68 ≤ z ≤ 2.28 so that we have spectral coverage of the range from approximately 1400 to 2800Å. There are 286 such sources, including both radio-quiet and radio-loud QSOs. The redshift restriction enables us to test whether our sources show broad absorption lines from low ionization stages such as Al III and Mg II. We discard 2 LoBAL QSOs from the sample, as these sources are known to have X-ray properties that differ from those of HiBALs (e.g., Gallagher et al. 2006) . We note that the relatively narrow redshift range of our sample, combined with the flux limits for DR5 QSOs, result in a relatively narrow UV luminosity range for our sources. The absolute imagnitudes, M i , and redshifts, z, listed in the DR5 QSO catalog for our sample sources are shown in Figure 1 . BAL QSOs, with C IV absorption troughs wider than 2000 km s −1 ( §2.1), constitute ≈16% of our sources; the fraction of mini-BAL QSOs is ≈19%. These fractions are not necessarily representative of the full QSO population, as they can be biased by such factors as X-ray telescope observing strategies.
We also obtained observations of X-ray bright mini-BAL QSOs as part of XMM-Newton AO6. These sources were originally identified in the catalog of Trump et al. (2006) to have broad absorption features based on their analysis of spectra available in SDSS Data Release 3. To test for absorption feature variability, we have also obtained Hobby-Eberly Telescope (HET) Marcario Low Resolution Spectrograph (LRS; Hill et al. 1998 ) spectra for these sources. A log of our targeted observations is given in Table 1 .
Most of the data analysis for this project was performed using the ISIS platform (Houck & Denicola 2000) .
Optical/UV Data Reduction For Target Sources
Before fitting the SDSS DR5 spectra, we multiply them by a single constant to match the photometric g, r, and i PSF magnitudes (Fukugita et al. 1996) to those synthesized from the spectra. The flux calibration of the HET is less certain, so we do not measure fluxes from our HET spectra. We convert HET wavelengths to vacuum wavelengths to match the SDSS practice. We correct all spectra for Galactic extinction using the reddening curve of Cardelli et al. (1989) with the near-UV extension of O'Donnell (1994) . We obtain E(B − V ) from the NASA Extragalactic Database (NED), 3 which uses the dust maps of Schlegel et al. (1998) .
We fit SDSS and HET spectra using the algorithm of Gibson et al. (2008b) , which we summarize here. Our continuum model is a power law reddened using the Small Magellanic Cloud reddening curve of Pei (1992) . We initially fit regions that are generally free from strong absorption or emission features: 1250-1350, 1700-1800, 1950-2200, 2650-2710 , and 2950-3700Å. We then iteratively fit the continuum, ignoring at each step wavelength bins that deviate by >3σ from the current fit in order to exclude strong absorption and emission features. We fit Voigt profiles to the strongest emission lines expected in the spectrum: Si IV λ1400, C IV λ1549, C III] λ1909, Al III λ1857, and Mg II λ2799. These wavelengths are taken from the SDSS vacuum wavelength list used by the SDSS pipeline to determine emission-line redshifts.
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We ascribe no physical significance to the Voigt profile; it simply enables us to model emission line cores and wings using a small number of parameters. We fit emission lines iteratively as well, ignoring at each step bins that are absorbed by more than 2.5σ from the continuum + emission fit. Due to the degeneracy between the UV emission continuum shape and the magnitude of intrinsic reddening, we do not attach physical significance to the values of E(B − V ) obtained from our fits. The UV luminosities we report are therefore corrected for Galactic, but not intrinsic, reddening. The SDSS spectral resolution is ≈3Å while the HET resolution is ≈6.1Å, based on fits to sky lines.
For sources observed in the FIRST radio survey (Becker et al. 1995) , we obtain the 1.4 GHz core flux densities from the DR5 QSO catalog. For sources that were not covered by the FIRST survey, we used 1.4 GHz flux densities obtained from the NVSS survey (Condon et al. 1998) . We estimate the monochromatic luminosity at 5 GHz assuming the radio flux follows a power law with a spectral index α = −0.8. We then calculate the radio-loudness parameter (e.g., Sramek & Weedman 1980; Kellermann et al. 1989) ,
We classify sources with log(R * ) ≥ 1 as "radio loud" and sources with log(R * ) < 1 as "radio quiet." We classified sources that were not detected in the radio as radio quiet, even in cases where the survey detection threshold (1 mJy for FIRST, 2.5 mJy for NVSS) did not reach down to log(R * ) = 1. We estimate that a small number (≈ 2) of radio loud QSOs contaminate our samples, but even these are not very radio loud, with upper limits on log(R * ) < 1.5 in almost all cases. Such sources would not significantly affect our results.
We have calculated the extended balnicity index, BI 0 , and the absorption index, AI, for C IV λ1549. We take the rest wavelength to be that of the red component of the doublet line, 1550.77Å (Verner et al. 1996) . We define BI 0 as
where v is the outflow velocity in km s −1 from the rest frame defined by the QSO redshift and f (v) is the ratio of the observed spectrum to the emission model at velocity v. The value C is 0 unless the observed spectrum has fallen 10% below the continuum for a velocity width of at least 2000 km s −1 on the red side of the absorption trough, at which point C is set to 1. Our definition of BI 0 differs from that of BI for Weymann et al. (1991) in that we integrate all the way to zero velocity, while the traditional BI measurement integrates only in the range −25, 000 to −3000 km s −1 . This allows us to characterize BAL absorption even at low outflow velocities.
We define the absorption index, AI, as
In this case, C ′ is zero except in contiguous troughs which are at least 1000 km s −1 wide and which fall 10% or more below the emission model; in these troughs C ′ ≡ 1. The upper integration limit of 29,000 km s −1 is chosen to allow the maximal range of C IV outflow velocities that does not include the Si IV λ1400 emission line (Trump et al. 2006) .
We identify BAL QSOs as those QSOs in our sample with C IV BI 0 > 0. Because we have removed LoBAL sources, the 42 radio-quiet QSOs with BI 0 > 0 are all HiBAL QSOs. We use the AI to formally identify mini-BAL QSOs, although we note that definitions of miniBALs vary in the literature and some studies consider even narrower features to be mini-BALs. Requiring C IV BI 0 = 0 and AI > 0 identifies 48 radio-quiet mini-BAL QSOs with broad C IV absorption features between 1000 and 2000 km s −1 wide. Randomly-selected examples of mini-BALs in our sample are shown in Figure 2 . Because the defintion of AI extends to higher outflow velocities than that of BI 0 , it is possible that high-velocity BALs may be mis-classified as mini-BALs. Inspection of our sources indicates that this is a potential issue only in the single case of J231324.45 + 003444.5, and that this source has additional narrower, mini-BAL features at lower velocities. We classify this ambiguous source as a mini-BAL for our purposes but do not draw strong conclusions from its individual properties. Our sample of 90 BAL and mini-BAL QSOs is not large enough to reliably test for bimodality in the distribution of AI, as was found in a much larger sample by Knigge et al. (2008) . The remaining 166 sources, with C IV BI 0 = 0 and AI = 0, are classified as non-BAL QSOs. The UV and X-ray properties of our radio-quiet sources are described in Table 2 .
X-Ray Data Reduction
Many SDSS QSOs have been observed in targeted or (typically) serendipitous observations with Chandra or XMM-Newton. As part of a previous study to determine the X-ray properties of non-BAL QSOs, we implemented semi-automated processes to identify such sources and obtain X-ray flux densities from data available in the Chandra and XMM-Newton archives. These procedures are described in detail in Gibson et al. (2008a) . Briefly, we determined which SDSS QSOs fell on Chandra ACIS or XMM-Newton MOS/pn CCDs and reduced these data using standard methods to obtain source and background spectra in each case. We then used the Cash statistic to fit a broken power law to each unbinned spectrum, with the power law break set at (rest-frame) 2 keV. From this fit, we calculated the flux density at 2 keV, F ν (2 keV), and applied a correction for Galactic absorption. We determined upper and lower limits on F ν by adjusting the power law normalization and re-fitting the remaining spectral parameters until the Cash statistic C changed by ∆C = 1.
We used Poisson statistics to determine whether a source was detected (based on background count rates) at >99% confidence in the observed-frame full (0.5-8 keV), soft (0.5-2 keV) or hard (2-8 keV) bands. High angular resolution is essential to "resolve away" the X-ray background and maximize the fraction of source detections. The excellent resolution of the Chandra ACIS instrument allowed a high source detection rate even for short exposure times and large off-axis angles. For this reason, in cases where a source was observed multiple times, we selected (in an unbiased way) the longest Chandra ACIS exposure as most representative of source properties. If Chandra ACIS observations were not available, we selected the longest XMM-Newton MOS camera observation to determine X-ray fluxes. We prefer the MOS to the pn camera because the MOS is more effective at "resolving away" the background, resulting in a superior detection fraction for these faint sources.
In this work, we consider only sources that are within 10 ′ of the X-ray observation aim point. At larger off-axis angles, the angular resolution is significantly worse, leading to greater uncertainty in background estimation and a larger fraction of non-detections. The large majority of our sources were not specifically targeted in X-ray observations; of the 256 radio-quiet sources in our sample, 222 lie at off-axis angles >1 ′ .
DISCUSSION OF PHYSICAL PROPERTIES
3.1. Relative X-Ray Brightness We use the parameter α OX to characterize the relation between the observed UV and X-ray luminosities of our sources. α OX is defined as:
where L 2500Å and L 2 keV are the monochromatic luminosities at 2500Å and 2 keV, respectively. We use Equation 3 from Just et al. (2007) to determine the typical value of α OX expected for a non-BAL QSO with a UV luminosity of
This equation represents an empirical fit to the observed trend for more UV-luminous QSOs to have lower X-ray/UV luminosity ratios (e.g., Just et al. 2007 , and references therein).
Finally, we quantify the relative X-ray brightness of a source with respect to a typical non-BAL QSO of the same UV luminosity using the parameter ∆α OX , defined as:
(6) ∆α OX characterizes relative X-ray brightness on a logarithmic scale, so that ∆α OX = 0 indicates a source has the same X-ray luminosity as a typical QSO of the same UV luminosity, while ∆α OX = −0.4 and −1 indicate X-ray weakness by factors of 11 and 403, respectively. Figure 3 and Figure 4 show the distributions of α OX and ∆α OX , respectively, for the radio-quiet non-BAL, mini-BAL, and HiBAL QSOs in our sample. In cases where the X-ray emission from a source was not formally detected, we plot an arrow at the value of α OX or ∆α OX corresponding to our 1σ upper limit on L 2 keV . Figure 4 shows that Equation 5 describes our non-BAL sample well, as ∆α OX values for these QSOs are relatively evenly distributed around zero. The breadth of the non-BAL distribution is attributable largely, if not entirely, to the intrinsic variability of the sources (Gibson et al. 2008a) . HiBAL QSOs, on the other hand, are X-ray weaker than the non-BAL population, with a broad range of ∆α OX values that are < 0 in most cases. A Gehan test, implemented in the Astronomy Survival Analysis (ASURV) software package (e.g., Isobe & Feigelson 1990; Lavalley et al. 1992) , indicates that the distributions for mini-BAL and non-BAL QSOs differ at 95% confidence, while the distributions for mini-BAL and HiBAL QSOs differ at 99.7% confidence. This test accounts for upper limits for sources that were not detected.
The statistical properties of our sources are listed in Table 3 , including the medians and means of α OX and ∆α OX . The median and mean values were calculated using the Kaplan-Meier estimator implemented in ASURV, which accounts for upper limits on undetected sources. We find mean ∆α OX values of −0.00±0.01, −0.05±0.03, and −0.22 ± 0.04 for non-BAL, mini-BAL, and BAL QSOs, respectively. These values quantitatively demonstrate a trend for mini-BAL QSOs to be slightly X-ray weak compared to non-BAL QSOs; BAL QSOs are generally X-ray weak compared to both mini-BAL and non-BAL QSOs.
Two objects in Figure 4 are classified as X-ray detected non-BAL QSOs, yet are quite X-ray weak, with ∆α OX < −0.4. One of these sources, J112045.15 + 130405.2, is extremely reddened in the UV. Because the SDSS bandpass does not extend beyond 1400Å (rest-frame), the continuum placement in the (putative) C IV BAL region is uncertain; this object could be a misclassified BAL QSO. The other source, J152156.48 + 520238.4, has been analyzed in detail by Just et al. (2007) , who argue from the observed UV absorption and hint of a hard X-ray spectrum that the unusual X-ray weakness of this source is likely due to absorbing material along the line of sight, although J152156.48 + 520238.4 is not formally a BAL or mini-BAL QSO.
Hard X-ray Photon Indices
At the redshifts of our sources, hard X-rays are shifted into the more sensitive regions of the Chandra and XMMNewton bandpasses, improving our ability to constrain hard X-ray spectral properties. In this section, we examine the overall shape of the hard X-ray spectrum, parameterized by the effective photon index Γ, to determine how it is affected by absorption such as that associated with X-ray weakness in BAL QSOs. Figure 5 shows X-ray hardness ratios for sources detected with Chandra. The detection fraction for sources observed with Chandra is high, with all 109 non-BAL, 31 (of 34) mini-BAL, and 27 (of 31) BAL QSOs having Chandra detections.
5 Limiting the observations to those obtained with Chandra increases the detection fraction in an unbiased way. The distributions shown in Figure 5 are therefore reasonably representative of our full sample. The hardness ratio, HR ≡ (H − S)/(H + S) is calculated from H, the number of X-ray counts with observed-frame energies of 2-8 keV, and S, the number of counts with observed-frame energies in the 0.5-2 keV range. The observed hardness ratios suggest that BAL QSOs tend to have flatter spectra than non-BAL and mini-BAL QSOs. However, hardness ratios do not adequately represent all the information available in the hard X-ray spectrum. They are also affected by the fact that our sources occur at a range of redshifts and Galactic absorption levels, although this range is relatively small (1.68 ≤ z ≤ 2.28, 0.01 ≤ E(B − V ) ≤ 0.11).
In order to characterize the hard X-ray spectrum as accurately as possible, we calculate the best fit value and 1σ confidence limits on the hard X-ray photon index Γ for each source in our sample using the broken power law model described in §2.2. Unlike the hardness ratio calculations, which separate hard and soft X-ray bands at 2 keV in the observed frame, we in this case define the "hard power law" to represent energies >2 keV in the rest frame. There are not generally enough photons at rest-frame energies <2 keV to adequately constrain the soft X-ray spectral shape, so we work with the hard band exclusively. The values of Γ we obtain are intended to constrain the overall hard X-ray spectral shape for sources which may not have sufficient counts to perform a more detailed model fit. However, we caution that we have measured an effective value of Γ that may differ from intrinsic power law photon indices measured with more complex models that include, e.g., the effects of physical absorption models.
The distributions of Γ are shown in Figure 6 for radioquiet non-BAL (top), mini-BAL (middle), and HiBAL QSOs (bottom) which were observed with Chandra and were detected in X-rays. Median and mean values of Γ are given for these samples in Table 4 . A KolmogorovSmirnov test indicates that the distribution of Γ differs between detected non-BAL and mini-BAL QSOs at 93% confidence, and between mini-BAL and BAL QSOs at 99.3% confidence. We find mean Γ values of 1.59 ± 0.08, 1.46 ± 0.18, and 0.87 ± 0.16 for detected non-BAL, mini-BAL, and BAL QSOs, respectively. (Note that these calculations are affected by outliers, especially at low values of Γ.) BAL QSOs have significantly flatter spectra than do non-BAL and mini-BAL QSOs. Mini-BALs overall have marginally flatter spectra than non-BAL QSOs.
In Figure 7 , we plot Γ against ∆α OX for radio-quiet, X-ray detected sources. We plot non-BAL QSOs in black, mini-BAL QSOs in green, and HiBAL QSOs in red. In the top panel, we plot only sources observed with Chandra. As mentioned above, the detection fraction is high for these sources, and the plot therefore is largely representative of non-BAL, mini-BAL, and BAL QSO properties. A Spearman rank correlation test confirms that Γ and ∆α OX are highly correlated (at >99.99% confidence). We have fit the sources detected by Chandra with a linear function Γ(∆α OX ) using the EM (estimate and maximize) regression algorithm (Dempster et al. 1977) implemented in ASURV. The fit line, Γ = (2.671 ± 0.262)∆α OX + (1.435 ± 0.046), (7) is plotted in each panel of Figure 7 . We have excluded from the fit 3 outliers that have Γ > 3 (not shown in the plot).
In the center panel of Figure 7 , we show the Γ and ∆α OX values for all radio-quiet sources which were detected either with Chandra or XMM-Newton. The linear fit in Equation 7 is overplotted, and is seen to describe the data points well. In the bottom panel, we plot the data points for the radio-loud, X-ray detected sources, again with the fit line of Equation 7 for comparison. With one exception, the detected HiBAL and mini-BAL QSOs lie near the fit line of Equation 7, and non-BAL QSOs tend to lie below the fit line. This agrees with previous findings that radio-loud, non-BAL QSOs are relatively X-ray bright (e.g., Worrall et al. 1987; Brinkmann et al. 2000) .
In order to test whether our fitting procedures artificially induced a correlation between the power law normalization and Γ, we used our procedures to fit data simulated from models representing a range of values for normalization and Γ. We find no artificially-induced correlation, and therefore conclude that the relation between ∆α OX and Γ is due to physical effects.
Previously, Gallagher et al. (2006) have demonstrated that, for BAL QSOs, X-ray spectral slopes inferred from measured hardness ratios are steeper than would be expected if the observed X-ray weakness in BAL QSOs is caused by a neutral absorber with a covering fraction of 100%. Here, we briefly investigate whether more complex absorption models can account for the observed tendency for X-ray spectral flattening with weaker X-ray luminosities for BAL, mini-BAL, and non-BAL QSOs. To do this, we generated grids of two models -an ionized absorber and a partially-covering, neutral absorber -in order to identify regions of parameter space that could reproduce Equation 7 in the hard X-rays. For the ionized absorber, we used the pre-generated XSTAR grid 19c table model.
6
We used the XSPEC pcfabs for a partial covering model. Overall, we found that both models could reproduce the trend observed between Γ and ∆α OX , assuming that the underlying emission was a power law with a fixed Γ ≡ 1.8, although large absorbing columns (N H 10 22 cm −1 ) were of course required to significantly lower Γ. Additional constraints on absorption models could be derived from the soft X-ray spectrum, but we do not have sufficient sensitivity to soft X-rays for our sources at restframe energies <2 keV, as these are redshifted out of the sensitive regions of the detector bandpass.
UV Absorption and X-ray Brightness
In Figure 8 , we plot UV absorption properties against ∆α OX for C IV BAL (filled squares) and mini-BAL (open circles) QSOs which are radio-quiet and have SN 1700 > 9, where SN 1700 is defined as the median of the flux divided by the noise (as reported by the SDSS pipeline) for all spectral bins in the 1650-1700Å region. We exclude sources with lower SN 1700 in order to obtain the best possible measurements of trough velocities and widths for this analysis. For sources not detected in X-rays, we plot upper limits with arrows (BAL QSOs) or arrows within circles (mini-BAL QSOs). According to Kendall's Tau test implemented in ASURV, AI and ∆α OX are correlated at 99.8% confidence. Because mini-BALs have lower values of AI than do BAL QSOs, and because they are relatively X-ray bright compared to BAL QSOs ( §4), they extend the trend for UV absorption strength to decrease with relative X-ray brightness (e.g., Brandt et al. 2000; Gallagher et al. 2006; Gibson et al. 2009 ).
We define v max as the outflow velocity corresponding to the shortest wavelength which is identified as part of a C IV mini-BAL or BAL trough. Similarly, v min is the outflow velocity associated with the longest wavelength in a trough. Figure 8 shows C IV v max and v min values plotted against ∆α OX for the same sources. There is a significant correlation between v max and ∆α OX (at 99.3% confidence); if we exclude miniBALs, the correlation strengthens only slightly (99.7% confidence). In the case of v min , no significant correlation is found. We also show the distribution of velocity widths, ∆v ≡ |v max − v min |, as a function of ∆α OX . The two quantities are correlated at >99.99% confidence. This is not surprising, given that mini-BAL QSOs have 6 Available at the XSTAR web site http://heasarc.nasa.gov/lheasoft/xstar/xstar.html narrower absorption troughs by definition and are observed to be somewhat brighter in X-rays than BAL QSOs are.
Four mini-BAL QSOs have multiple troughs >1000 km s −1 wide. For these sources, v max represents the highest outflow velocity of the higher-velocity trough, and v min represents the lowest outflow velocity of the lower-velocity trough. With this convention, mini-BAL QSOs with multiple troughs can have ∆v > 2000 km s −1 , even though no single trough is that broad.
The correlations are weakened by a population of mini-BAL QSOs with high outflow velocities (v min and v max 10, 000 km s −1 ) that have relatively normal observed X-ray luminosities. Visual inspection of the UV spectra of the high-velocity (|v max | > 10, 000 km s −1 ), X-ray normal (∆α OX > −0.1) mini-BAL QSOs does not reveal any spectral characteristics unique to this population. To perform a more quantitative study, we divided the mini-BAL sample into two subsamples. Subsample A contains the 7 radio-quiet mini-BALs with SN 1700 > 9, |v max | > 10, 000 km s −1 , and ∆α OX ≥ −0.1. Subsample B contains the remaining 13 radio-quiet mini-BAL QSOs with SN 1700 > 9. (These somewhat subjective criteria were chosen in an attempt to identify the high-velocity, X-ray bright population from Figure 8 .) A Gehan test, implemented in ASURV, finds no significant difference between the distributions of L ν (2500Å) or C IV AI values for these two subsamples. X-ray monochromatic luminosities, L ν (2 keV), differ at 99% confidence, but this result is likely an artifact of our selection criteria that sample A be relatively X-ray bright, given that the UV luminosity range of our sample is limited. There is a mild distinction (at 97% confidence) in redshift z between subsamples A and B, with sample A having generally lower redshifts. Both systematic effects (involving the calculation of AI) and cosmological effects (involving intervening absorbers) could influence this weak relation, so we do not draw any physical conclusion from it.
We note that the four narrower intrinsic absorption systems studied by Misawa et al. (2008) also had high values of |v max |. If they had broader (mini-BAL) UV absorption, three of their four sources would fall in our sample A, and the fourth source would also be included if it were only slightly brighter (by ∆α OX ≈ 0.05). These studies suggest that a significant population of highvelocity NAL and mini-BAL absorbers may be found in relatively X-ray bright QSOs, in apparent contrast to the tendency for high-velocity BALs to appear in relatively X-ray weak QSOs.
Pointed XMM Observations
Following the procedures described in §2.2, we have obtained X-ray luminosities using pointed XMMNewton observations of two mini-BAL sources from the Trump et al. (2006) BAL catalog which were identified as unusually X-ray bright based on their ROSAT count rates (Voges et al. 1999 (Voges et al. , 2000 . The UV and X-ray luminosities, α OX , and ∆α OX values measured for these sources are given in Table 5 . In Figure 9 , we present their SDSS and HET spectra. For comparison, the SDSS spectra have been smoothed with a Gaussian to approximate the HET spectral resolution. Vertical, dotted lines indicate the regions identified as mini-BALs by Trump et al. (2006) . The mini-BAL in J145722.70 − 010800.9 may have strengthened slightly, but otherwise there is no evidence for variation in the spectra over the 1.5 and 1.8 yr (QSO frame) times between observations. The mini-BAL in J145722.70 − 010800.9 has a doublet structure, while that of J111914.32 + 600457.2 resides in the center of a broad but very shallow trough (from approximately −12, 000 to −22, 000 km s −1 ) and has no visible doublet structure.
In light of our observation that mini-BAL QSOs are relatively X-ray bright compared to BAL QSOs, our XMM-Newton observations (Table 5) indicate that these sources are not highly atypical for radio-quiet (J145722.70 − 010800.9) or radio-loud (J111914.32 + 600457.2) mini-BAL QSOs. In order to compare our X-ray brightness measurements with those predicted from the earlier ROSAT observations, we performed manual photometry on the XMM-Newton and ROSAT images and used PIMMS, 7 to test for evidence of source variability.
For J145722.70 − 010800.9, a source (145723 − 010723) which is about 70% brighter is located nearby in the XMM-Newton X-ray image. 145723 − 010723 is likely related to a galaxy near that location identified in the SDSS database. The SDSS estimated photometric redshift for this galaxy is z = 0.44 ± 0.07. The doublet absorption features in the SDSS spectrum of J145722.70 − 010800.9 do not match lines expected for an intervening absorber at z ≈ 0.44.
The source 145723 − 010723 is about 24 ′′ , or 2R σ from the ROSAT catalog source identification, where
′′ is the ROSAT 1σ positional error (including 6 ′′ of systematic error). J145722.70 − 010800.9 is somewhat closer (1.2R σ ) to the ROSAT source identification (Voges et al. 2000) . The 60 ′′ radius region centered on J145722.70 − 010800.9 in the ROSAT image blends the two sources and accounts for about half of the count rate reported in the Faint Source Catalog based on that catalog's extraction radius of 300 ′′ . The ROSAT count rate is 3-4 times higher than expected from estimates based on the two XMM-Newton sources combined, suggesting that some source in this region was brighter in the earlier epoch. Because the ROSAT-based identification was closer to J145722.70 − 010800.9, it seems possible that this mini-BAL QSO was brighter in the earlier epoch.
The situation is more complicated for J111914.32 + 600457.2, as the excess ROSAT counts over the background are not as centrally peaked as was the case for J145722.70 − 010800.9, making the exact count rate estimate highly dependent on aperture size. Using a 60 ′′ radius aperture, we estimate that the source J111914.32 + 600457.2 has dimmed by ∼50%, but this factor could be up to ∼90% with an aperture as large as 300 ′′ in radius. Our XMM-Newton images show two somewhat fainter sources ≈200
′′ distant from J111914.32 + 600457.2, but these sources do not coincide with the brightest regions of the 300 ′′ ROSAT aperture. As for J145722.70−010800.9, we conclude that some variable source contributed to the excess of counts in the ROSAT epoch, but we cannot be certain that the variable source was the QSO 111914.32 + 600457.2.
7 http://heasarc.gsfc.nasa.gov/Tools/w3pimms.html 4. DISCUSSION 4.1. Are Mini-BALs Just Narrow BALs? Our analysis of the X-ray properties of mini-BAL QSOs indicates that the relative X-ray brightness and hard X-ray spectral slopes of mini-BAL QSOs are, in general, intermediate between those of non-BAL and BAL QSOs. This supports previous suggestions that at least some narrower and broader absorption phenomena are physically related (e.g., Arav et al. 1999; Gallagher et al. 2002; Ganguly & Brotherton 2008; Misawa et al. 2008) . Flatter hard X-ray spectra observed for QSOs with mini-BAL and especially BAL absorption could be explained by ionized or partial-covering absorber models with high (N H 10 22 cm −2 ) effective column densities. However, we caution that classifying mini-BAL QSOs entirely as "intermediate" between BAL and non-BAL QSOs is a general statement that does not address the full complexity of absorbing outfows with intermediate velocity widths. Averaged mini-BAL QSO properties, such as relative X-ray brightness and hard X-ray Γ, are closer to those of non-BAL QSOs than they are to those of BAL QSOs. Some mini-BAL QSOs do not follow the trends previously observed for BAL QSOs between outflow velocity and relative X-ray brightness ∆α OX . The four sources with narrower intrinsic absorption in the study of Misawa et al. (2008) were also found to be relatively X-ray bright and to have high outflow velocities compared to BAL QSOs.
Furthermore, we note that the technical definition of "mini-BAL" encompases a wide range of absorption features. For example, troughs with a doublet-like structure can be classified as mini-BALs. Weak, narrow absorption features that lie inside broad absorption troughs that are themselves too shallow to be classified as BALs may also be classified as mini-BALs. Absorption features caused by Al I λ1414 and S I λ1425 could, in principle, be mis-categorized as high-velocity C IV miniBALs, although this identification would require highly non-solar elemental abundances to explain the absence of, e.g., C I λ1657 absorption. It has been noted that the distribution of the absorption index, AI, is bimodal (Knigge et al. 2008) , suggesting that (at least) two different varieties of absorption phenomena may be combined in the BAL and mini-BAL categories. As previously mentioned, visual inspection of UV absorption does not indicate any notable differences between the high-velocity, relatively X-ray bright mini-BAL QSOs in our Sample A and those of Sample B, which have relative X-ray brightness more typical of BAL QSOs. However, further study of the characteristics of mini-BAL troughs is required to determine whether the mathematical definition of "mini-BAL" is adequately representing the wide range of observed UV absorption phenomena.
One may speculate that the mini-BALs of sample A (with |v max | > 10, 000 km s −1 and ∆α OX > −0.1) are caused by intervening, rather than intrinsic, absorbers. While we cannot conclusively rule out the possibility of intervening systems contaminating our sample, we note that the velocity widths (>1000 km s −1 ) required for mini-BALs would require a high spread of velocities in any intervening absorber sufficient to broaden the absorption feature (which has doublet lines spaced ≈500 km s −1 apart) by ≈500 km s −1 . In general, mini-BALs have also been observed to vary more commonly than do NALs (e.g., Narayanan et al. 2004 , and references therein), and several of our results are consistent with those of Misawa et al. (2008) , which were obtained for a small sample of narrow absorption lines which were known to be variable. Variability is commonly taken to indicate that the absorber is relatively compact and therefore likely to be intrinsic. Future optical/UV observations may indicate whether the absorption features of QSOs in sample A are variable. Misawa et al. (2008) have adopted a model from Ganguly et al. (2001) in which the NAL material is located outside the equatorial BAL outflow, so that lines of sight through NAL absorbers correspond to smaller inclination angles with respect to the accretion disk normal than do lines of sight through BAL outflows. The NAL absorbers have smaller absorbing columns than the BAL region does, but they reside sufficiently far from the central source that they are not overionized and can be radiatively accelerated to high speeds.
Mini-BAL and BAL Absorbers
Alternatively, we propose a simple model that also takes into account previous claims for a bifurcation in absorber properties (e.g., Knigge et al. 2008) as well as our observation that strong X-ray absorption is apparently not always required to accelerate mini-BALs to high outflow velocities. We have previously suggested that BAL variation in relatively narrow velocity regions might be associated with clumps of absorbing material which are present in the BAL outflow (Gibson et al. 2008b ). Suppose the radial velocities of these clumps are independent of the acceleration mechanism for BALs. They may be "seeds" of UV-absorbing material, launched by an unknown physical mechanism in the QSO nucleus, which are evaporated over time by the QSO continuum. If conditions are right, the evaporated material can be radiatively accelerated to form broad BAL troughs, but if the incident X-ray flux is too high, the outflow is overionized and a BAL cannot form. In that case, a population of high-velocity, X-ray bright mini-BALs could represent failed absorption "seeds" which entered the line of sight at a high velocity, but their evaporated material could not be effectively accelerated into an outflow covering a wide velocity range. With stronger X-ray absorption, the mini-BALs would have been accelerated into broader features, and the UV and X-ray properties would have been similar to those observed for BAL QSOs.
The Search for X-Ray Bright BALs
In §3.4, we discussed the results of our XMM-Newton observations of mini-BAL QSOs which were identified as unusually X-ray bright based on their ROSAT count rates. In our targeted observations, the sources were measured to have values of ∆α OX which were not highly atypical when compared to those of mini-BAL QSOs.
The high ROSAT count rates may be at least partly attributable to source variability.
Our current study identifies two additional HiBAL sources as being relatively X-ray bright (for BAL QSOs): J121205.30 + 152005.8 and J143031.78 + 322145.9 (with ∆α OX > 0.1). Both sources were observed for 5 ks by Chandra (observation id numbers 2104 and 4279, respectively), yielding X-ray spectra with ≈30 counts each.
These spectra are insufficient for detailed spectral analysis.
Recently, Ghosh & Punsly (2008) have identified three additional candidates as potential X-ray bright BAL QSOs. Applying our classification methods to their sources, we identify one of their sources, J1019442.92 + 450239.4, as a LoBAL QSO with Si IV, C IV, and Al III BALs evident. We classify their source J023219.52 + 002106.8 as having a mini-BAL but not a BAL. Their third source, J132228.37 + 141022.8 is not classified as either a BAL or a mini-BAL QSO; the identification of broad C IV absorption in this source requires spectral smoothing with a broader window than the 3 bins used in our methods.
Two recent studies have examined samples of BAL QSOs which were selected due to their detection in X-rays. Because X-ray brightness was a criterion in defining their samples, these studies identified relatively X-ray-bright BAL QSOs. Giustini et al. (2008) found that BAL QSOs detected by XMM-Newton tended to have lower X-ray absorbing columns than did opticallyselected BAL QSOs, and the α OX values of these sources were similar to those of non-BAL QSOs. In general, they found that sources with weaker UV absorption features tended to be less absorbed in X-rays. Giustini et al. (2008) note that some of their sources show relatively weak UV absorption that may not be classified as BALs using the formal BI > 0 criterion. On the other hand, Blustin et al. (2008) found significant X-ray absorption in their sample of 5 X-ray-selected BAL QSOs with stronger UV absorption, and hypothesized that their sources exhibited relatively high X-ray-to-optical intrinsic flux ratios. While these studies have a somewhat different focus from our current study, Giustini et al. (2008) agree with our observation that sources with weaker UV absorption (i.e., mini-BALs) are in general (though not always) relatively X-ray brighter than BAL QSOs are, and they demonstrate the need for additional study of the relation between X-ray and UV absorption.
On the basis of our current study, we suggest several criteria that should be evaluated in order to appropriately confirm cases of X-ray bright BAL QSOs. First, the source should be securely identified at high angular resolution, to confirm that X-ray photons are not contributed from nearby sources. Second, our study has shown that mini-BAL QSOs are generally X-ray brighter than BAL QSOs. Therefore, the sources of most interest should be securely identified as bona fide BAL QSOs, with strong, broad (>2000 km s −1 ) absorption troughs. Third, the source should be known to be radio-quiet, as radio-loud QSOs are generally X-ray brighter and may have jet-linked X-ray emission exterior to any BAL absorption. Finally, X-ray and optical/UV spectroscopy would ideally be obtained simultaneously, to account for any possible variation or evolution in the X-ray and BAL absorbers. Multiple X-ray observations would also be useful to test for emission and absorption variability.
CONCLUSIONS
1. In general, mini-BAL QSOs are intermediate between BAL and non-BAL QSOs in terms of X-ray brightness and effective hard X-ray photon index, Γ, as might be expected if at least some narrower and broader absorption phenom-ena are physically related (e.g., Arav et al. 1999; Gallagher et al. 2002; Ganguly & Brotherton 2008; Misawa et al. 2008 ).
2. The steepness of the hard X-ray spectrum, parameterized by an effective power law photon index, Γ, is correlated with the relative X-ray brightness, ∆α OX , for a combined sample of radio-quiet BAL, mini-BAL, and non-BAL QSOs.
3. Because mini-BAL QSOs have weaker UV absorption and are relatively X-ray bright compared to BAL QSOs, they extend previously-observed trends between UV absorption strength and ∆α OX observed for BAL QSOs.
4. However, a significant population of "X-ray normal" (with ∆α OX ∼ 0) mini-BAL QSOs is found to have high outflow velocities, contrary to observed trends for BAL QSOs. This could be explained if some mini-BAL absorbers were launched (by an unknown mechanism) with a range of velocities, but could not be radiatively accelerated into broader absorption features due to inadequate X-ray shielding.
5. The existence of a population of mini-BAL QSOs with high C IV outflow velocities that are not X-ray weak indicates that consistently strong X-ray absorption is not always required to launch or accelerate at least some mini-BAL absorbers.
6. The X-ray brightest QSOs with broad UV absorption are typically mini-BALs. We have shown that mini-BAL QSOs are, in general, relatively bright in X-rays compared to BAL QSOs. Follow-up observations at higher angular resolution suggest that previous identifications of anomalously X-ray bright QSOs with broad UV absorption may be at least partly attributable to source variability.
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